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Dependency of Cs D2 Saturation Spectral Intensity on
Configuration of Polarization and Magnetic Field Conditions
Nobuo Nishimiya Katsuki Nomura Masao Suzuki
The saturated absorption spectrum of Cs D2 line has been measured by using a diode
laser. The anomalies of the line intensities in the closed transitions are detected at
several polarization configuration of the pump and probe beams. Weak magnetic
fields of parallel and perpendicular to the laser beam are applied to identify the
population trapping effect in the closed transition of F′′ = 3 → F′ = 2 and F′′ =
4 → F′ = 5. In case of the F′′ = 3 → F′ = 2 transition, the line intensity is
controlled by polarization configuration and external magnetic field.
1
1)
2, 3)
Rb Cs
4–9)
Rb
10)
Cs
2
Fig.1
λ/2
λ/4
MP(Mirror for Polarization
changing) Pump
*1 東京工芸大学工学部電子機械学科教授/システム電子情報学科教授  
*2 林時計工業(株) 
*3 東京工芸大学工学部名誉教授 
 2012 年 9 月 18 日 受理 
79
東京工芸大学工学部紀要 Vol. 35 No.1 (2012) 
Fig.2 11)
σ+
(a) Pump,
Probe Pump
(b) Probe
3UREH
3XPS
0
0
0
0
%6
%6 03
&RLO
&V&HOO
$WWHQXDWRU
ȢȢ
$WWHQXDWRU
ȢȢ
/DVHUȧ
&KRSSHU
'HW
Fig.1
Pump
σ+σ−
σ σ ++
Cell
σ σ +−
Cell
3UREH 3XPS
D
E
σ + σ +
σ + σ −
Z
Z
Fig.2
σ+ Pump
2 σ− Probe
pi Pump Probe
pi ‖ pi pi ⊥ pi
3
3.1
Cs D2
12)
5
4
3
2
4
3
251
201
151
9193
[MHz]
[MHz]
6P3/2
6S1/2
F
852.1
[nm]
A B C D E F
(a)
' (
)$
%
&
Ȥ
0+]
0+]
0+]
0+]
0+]
(b)
Fig.3 Cs D2
Fig.3 Cs D2 6S 1/2 → 6P3/2
(a)
(b)
(b) A [F′′ = 4] →
[F′ = 3]
prime
double prime
12–14)
Fig.4 5 σ+σ+
6S 1/2[F′′ = 3] →
6P3/2[F′ = 2, 3, 4] σ−σ+
6S 1/2[F′′ = 4] → 6P3/2[F′ =
3, 4, 5]
東京工芸大学工学部紀要 Vol. 35 No.1 (2012) 80
Pump/Probe 50/20 µW
5.0MHz
“CO”
“CO2,3”
[F′′ = 3 → F′ = 2] [F′′ = 3 →
F′ = 3]
→䠎
→䠏
→䠐
CO 2,3
CO 2,4
CO 3,4
Doppler width 
370MHz
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
㻙㻝㻜㻜 㻙㻡㻜 㻜 㻡㻜 㻝㻜㻜 㻝㻡㻜 㻞㻜㻜 㻞㻡㻜 㻟㻜㻜 㻟㻡㻜 㻠㻜㻜 㻠㻡㻜 㻡㻜㻜
>0+]@
ȪȪ 
Fig.4 6S 1/2[F′′ = 3] → 6P3/2[F′ =
2, 3, 4]
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
           [MHz]
→䠏
→䠐
→䠑
CO 3,4
CO 3,5
CO 4,5
Doppler width
370MHz
㻙㻡㻜 㻜㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻡㻜 㻝㻜㻜 㻝㻡㻜 㻞㻜㻜 㻞㻡㻜 㻟㻜㻜 㻟㻡㻜 㻠㻜㻜 㻠㻡㻜 㻡㻜㻜㻙㻝㻜㻜
ȪȪ

Fig.5 6S 1/2[F′′ = 4] → 6P3/2[F′ =
3, 4, 5]
3.2
Fig.6 6S 1/2[F′′ = 3] → 6P3/2[F′ =
2, 3, 4] Pump-Probe
(a)σ+σ+ (b)σ−σ+ (c)pi ‖ pi
(d)pi ⊥ pi (e)σ+pi 4
(b) F′′ = 3 →
F = 2′ F = 3′′ →
F′ = [2, 3]
(c) F = 3′′ →
F′ = [2, 3]
(d)
F′′ = 3 → F = 2′
(e)
㻙㻝㻜㻜 㻙㻡㻜 㻜 㻡㻜 㻝㻜㻜 㻝㻡㻜 㻞㻜㻜 㻞㻡㻜 㻟㻜㻜 㻟㻡㻜 㻠㻜㻜 㻠㻡㻜 㻡㻜㻜
σ  σ  
σ   σ  
pi || pi 
pi ԋpi 
σ   pi 
3 42
CO2,3
CO2,4
CO3,4
Probe beam intensity 䠖1.37μW/mm
Pump beam intensity 䠖1.56μW/mm
2
2
                             [MHz]
+ +
+
+
-
D
E
F
G
H
Fig.6 6S 1/2[F′′ = 3] → 6P3/2[F′ =
2, 3, 4] 5
Fig.7 6S 1/2[F′′ = 4] →
6P3/2[F′ = 3, 4, 5] Pump-
Probe
[MHz]
㻙㻝㻜㻜 㻙㻡㻜 㻜 㻡㻜 㻝㻜㻜 㻝㻡㻜 㻞㻜㻜 㻞㻡㻜 㻟㻜㻜 㻟㻡㻜 㻠㻜㻜 㻠㻡㻜 㻡㻜㻜
σ  σ
σ σ 
π || π 
π ԋπ 
σ  π 
4
5
CO3, 5
CO4, 5
3 CO3,4





D
E
F
G
H
Fig.7 6S 1/2[F = 4] → 6P3/2[F = 3, 4, 5]
5
(b) (a),(c)
F′ = 4 → F′′ = 5
F′ = 4 → F′′ = [4, 5]
(e)
F′′ = 4 → F′ = 5
81セシウム D2線飽和スペクトルの偏光および磁界依存性 
(closed transition)
[F′′ = 3] → [F′ = 2] :
F ∆F = 0,±1
F′ = 2
F′′ = 3 F′′ = 4
[F′′ = 4] → [F′ = 5] :
F′ = 5 F′′ = 4
[F′′ = 3] → [F′ = 3]
F′ = 3 → F′′ = 3
F′ = 3 → F′′ = 2
Pump Probe
σ±pi
3.3
Cs D2
Hirano σ+σ−
15) σ ± pi
Cs
3.3.1 Cs
Cs D2 J,
I,
F
MF |JIFMF >
Cs D
(1)
g (2) 12, 14)
∆E(F, MF) = µBgF MF HZ (1)
gF = gJ
F(F + 1) − I(I + 1) + J(J + 1)
2F(F + 1)
+ gI
F(F + 1) + I(I + 1) − J(J + 1)
2F(F + 1) (2)
µB HZ
Cs D2
g Table 1
Table 1 Cs D2 g
gI gJ
6S 1/2 -0.0003985 2.0023
6P1/2 -0.0003985 0.6659
6P3/2 -0.0003985 1.3341
(2) 2
Table.1 gI
30
Fig.8 6P3/2
Fig.9,10 6S 1/2
100MHz
6P3/2F = 3
東京工芸大学工学部紀要 Vol. 35 No.1 (2012) 82
㻙㻡㻜㻜
㻙㻠㻜㻜
㻙㻟㻜㻜
㻙㻞㻜㻜
㻙㻝㻜㻜
㻜
㻝㻜㻜
㻞㻜㻜
㻟㻜㻜
㻠㻜㻜
㻜 㻡 㻝㻜 㻝㻡 㻞㻜 㻞㻡 㻟㻜
䂴
㻱㼇
㻹
㻴㼦
㼉
㼙㼍㼓㼚㼑㼠㼕㼏㻌㼒㼕㼑㼘㼐㼇㻳㼉
㻲㻔㻢㻼㻟㻛㻞㻕
) 
) 
) 
) 
0)
Fig.8 6P3/2F = 2, 3, 4, 5
(Weak Field Case)
㻟㻥㻣㻜
㻟㻥㻤㻜
㻟㻥㻥㻜
㻠㻜㻜㻜
㻠㻜㻝㻜
㻠㻜㻞㻜
㻠㻜㻟㻜
㻠㻜㻠㻜
㻠㻜㻡㻜
㻠㻜㻢㻜
㻠㻜㻣㻜
㻜 㻡 㻝㻜 㻝㻡 㻞㻜 㻞㻡 㻟㻜
䂴
㻱㼇
㻹㻴
㼦㼉
㼙㼍㼓㼚㼑㼠㼕㼏㻌㼒㼕㼑㼘㼐㼇㻳㼉
㻢㻿㻝㻛㻞㻔㻲㻩㻠㻕
㻙㻠
㻙㻟
㻙㻞
㻙㻝
㻜
㻝
㻞
㻟
㻠 )
0
Fig.9 61/2F = 4
(Weak Field Case)
㻙㻡㻞㻝㻜
㻙㻡㻞㻜㻜
㻙㻡㻝㻥㻜
㻙㻡㻝㻤㻜
㻙㻡㻝㻣㻜
㻙㻡㻝㻢㻜
㻙㻡㻝㻡㻜
㻙㻡㻝㻠㻜
㻙㻡㻝㻟㻜
㻜 㻡 㻝㻜 㻝㻡 㻞㻜 㻞㻡 㻟㻜
䂴
䠡㼇
㻹㻴
㼦㼉
㼙㼍㼓㼚㼑㼠㼕㼏㻌㼒㼕㼑㼘㼐㼇㻳㼉
㻢㻿㻝㻛㻞㻔㻲㻩㻟㻕
㻙㻟
㻙㻞
㻙㻝
㻜
㻝
㻞
㻟
0 )
Fig.10 6S 1/2F = 3
(Weak Field Case)
Hirano
Fig.11 14, 16)
*1
F’=5
F”=4
F’=4
F”=4
F’=3
F”=4
-5 -4 +1-2 -1 +2-3 +50 +3 +4
-4 +1-2 -1 +2-3 0 +3 +4MF =
*
1
45
9
45 36 28
16
1 36
9
453
21
216
24
1510
25
1015
24
6213281
2116
*
7
240
*
1
144
-4 +1-2 -1 +2-3 0 +3 +4
-4 +1-2 -1 +2-3 0 +3 +4MF =
16
4 7
9
4 4
16
7
4
99
1
1010
0
1010
1
99774
49
+1-2 -1 +2-3 0 +3
-4 +1-2 -1 +2-3 0 +3 +4MF =
1
7
2821
12
315
15
610
16
106
15
15321128
127
MF =
MF =
*
7
12
1
4
MF =
*
F’=4
F”=3
F’=3
F”=3
F’=2
F”=3
-4 +1-2 -1 +2-3 0 +3 +4
+1-2 -1 +2-3 0 +3MF =
*
5
336
28 21
7
281
12
153
15
106
16
610
15
315121
127
*
1
16
*
1
21
+1-2 -1 +2-3 0 +3
+1-2 -1 +2-3 0 +3MF =
3
9
3
4
55
1
66
0
66
1
5533
49
+1-2 -1 +20
+1-2 -1 +2-3 0 +3MF =
15
5
110
8
36
9
63
8
10115
5
MF =
MF =
*
3
4
MF =
*
5
12
*1
Fig.11 Cs D2
( )
∆MF = ±1
∆MF = 0
σ± ∆MF = ±1
Fig.11
6S 1/2 − 6P3/2
F′ = 4
F′′ = 4 F′′ = 3
7
12
5
12
1
F′ = 4 ↔ F′′ = 4
MF 20
( )
6P3/2[F′ = 4, MF = −4]
6S 1/2 [F′′ = 4, MF = −4], [F′′ =
4, MF = −3], [F′′ = 3, MF = −3] 3
83セシウム D2線飽和スペクトルの偏光および磁界依存性 
7
240 × 16,
7
240 × 4,
5
336 × 28
1
3.3.2
3.2
σ±pi closed tran-
sition
σ±pi
Fig.12
Probe
HZ
σ± ∆MF = ±1
Cs vapor cell
pair coil
㼜㼞㼛㼎㼑 㼜㼡㼙㼜
Epx
Ey
Hz
z
x
y
Fig.12
Fig.13 14 σ+pi σ−pi
6S 1/2[F′′ = 3] → 6P3/2[F′ =
2, 3, 4, ]
0 − 20
SYPRIS (Model7030)
σ+pi
F′′ = 3 → F′ = 2
F′′ = 3 → F′ = [2, 3]
0 0.5
㻙㻝㻜㻜 㻙㻡㻜 㻜 㻡㻜 㻝㻜㻜 㻝㻡㻜 㻞㻜㻜 㻞㻡㻜 㻟㻜㻜 㻟㻡㻜 㻠㻜㻜 㻠㻡㻜 㻡㻜㻜
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
Relative Frequency[MHz]
20 [G]
3
1
0.5
0
5
10
15
3 4
2
CO2,3 CO2,4 CO3,4
Fig.13 σ+pi [ ]//[ ]
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
0
20[G]
15
10
5
3
1 
2
CO2,3
3 CO2,4
CO3,4 4
Relative Frequency[MHz]
0.5
Fig.14 σ−pi [ ]//[ ]
Fig.11
σ+ Pump
F′′ = 3 → F′ = 2
∆MF = +1
∆MF = +2,+3
∆MF = −1
Fig.15
σ+pi 6S 1/2[F′′ = 4] →
6P3/2[F′ = 3, 4, 5]
Fig.13,
14
F′ = 3 F′′ = 3
東京工芸大学工学部紀要 Vol. 35 No.1 (2012) 84
㻙㻝㻜㻜 㻙㻡㻜 㻜 㻡㻜 㻝㻜㻜 㻝㻡㻜 㻞㻜㻜 㻞㻡㻜 㻟㻜㻜 㻟㻡㻜 㻠㻜㻜 㻠㻡㻜 㻡㻜㻜
Relative Frequency[MHz]
4
5
3
CO3,4 CO3,5 CO4,5
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
20 [G]
3
1
0.5
0
5
10
15
Fig.15 σ+pi [ ]//[ ]
3.3.3
Fig.16
Probe Probe
( )
HZ
∆MF = ±1
∆MF = 0
Probe
Probe
6S 1/2F′′ = 3 → 6P3/2F′ = 2, 3, 4
pair coil
Hz
z
x
y Cs vapor cell
㼜㼞㼛㼎㼑
㼜㼡㼙㼜
E z
Ey
Fig.16
(a) Probe
Fig.17,18 (
)
F′′ = 3 → F′ = 2
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
0
20[G]
15
10
5
3
1 
2
CO2,3 3 CO2,4
CO3,4 4
Relative Frequency[MHz]
Fig.17 σ+pi [ ]//[
]
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
0
20[G]
15
10
5
3
1 
2
CO2,3 3 CO2,4
CO3,4 4
Relative Frequency[MHz]
Fig.18 σ−pi [ ]//[
]
(b) Probe
Fig. 19, 20
Fig.17,18 Fig. 19, 20
Fig.20
∆MF = −1 Pump
Probe ∆MF = ±1
Fig.18 ∆MF = 1
Pump ∆MF = 0 Probe
Pump Probe
85セシウム D2線飽和スペクトルの偏光および磁界依存性 
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
Relative Frequency[MHz]
0
20[G]
15
10
5
3
1 
2
CO2,3 3 CO2,4
CO3,4 4
Fig.19 σ+pi [ ]⊥[
]
R
el
at
iv
e 
In
te
n
si
ty
[a
rb
.u
n
it
s]
0
20[G]
15
10
5
3
1 
2
CO2,3 3 CO2,4
CO3,4 4
Relative Frequency[MHz]
Fig.20 σ−pi [ ]⊥[
]
4
5
Cs D2
closed transi-
tion
Pump-
Probe
References
1) C. G. Aminoff and M. Pinard,
J.Phys. 43, 263–277 (1982).
2) S.Nakayama, J.J.Appl.Phys. 24, 1–
7 (1985).
3) C.H.Oh and S.Ohshim,
J.J.Appl.Phys. 33, 6350–6354
(1994).
4) M. Suzuki and S. Yamaguchi, IEEE
J. Quantum Electron. QE-24,
2392–2399 (1988).
5) T. Yabuzaki, A. Ibaragi, H. Hori,
M. Kitano, and T. Ogawa,
Jpn. J. Appl. Phys. 20, L451–
L454 (1981).
6) Th. Udem, J. Reichert, T.W. Ha¨nsch
and M. Kourogi, Phys. Rev. A. 62,
031801–1–031801–4 (2000).
7) Th. Udem, J. Reichert,
R. Holzwarth, and T.W. Ha¨nsch,
Phys. Rev. Lett. 82, 3568–3571
(1999).
8) F. Nez, F.Biraben, R. Felder and
Y. Millerioux, Optics Comm. 102,
432–438 (1993).
9) T. Ohtsuka, N. Nishimiya,
T. Fukuda, and M. Masao,
J. Phys. Soc. Jpn. 74(9), 2487–2491
(2005).
10) M. H. Anderson, M. R. Matthews,
C. E. Wieman and E. A. Cornell,
Science. 269, 198–201 (1995).
11) H. S. Lee, S. E. Park, J. D. Park, and
H. Cho, J. Opt. Am. 11, 558–563
(1994).
12) D. A. Steck , http://george.ph.
utexas.edu/ ˜dsteck/alkalidata/.
(2010). University of Oregon.
13) A.L. Shawlow and C.H. Townes,
Phys. Rev. 112, 1940–1949 (1958).
14) , (
). (2000).
15) I. Hirano, J. Quant. Spectrosc. Ra-
diat. Transfer. 43, 303–309 (1990).
16) I. Hirano, J. Quant. Spectrosc. Ra-
diat. Transfer. 46, 151–158 (1991).
東京工芸大学工学部紀要 Vol. 35 No.1 (2012) 86
